Abstract -According to the practice experience of vibration test, this article proposes the basic requirements for the function and design of the vibration test fixture and the problems that should be paid attention to in the production process; In terms of a space-loaded vibration test fixture, for example, this article take a detailed description of the fixture design, specific parameter design, and structural design and propose a method for detecting the dynamic characteristics of the fixture, and explain the method and principle of the test. The dynamic characteristics of the fixture are tested using a vibration table and a B&K data acquisition system to determine that the fixture meets the requirements of the vibration test and a method is proposed, which is of great significance to the vibration test signal processing.
I. INTRODUCTION
Vibration test is an important part of environmental test, and fixture plays a very important role in vibration test. Unreasonable fixture design, manufacturing and installation are prone to "over vibration" and "under vibration". Even if the requirements of the control spectrum are barely reached, the load of the vibration system will be increased, especially when the thrust capacity of the vibration table is small, the contradiction will be more prominent [1] . The vibration fixture requires good dynamic characteristics, and the vibration table energy should be transmitted to the test product as far as possible [2] . The empirical method is one of the most popular methods in fixture design, but it has inherent shortcomings. Since the design of large and medium fixture is generally applied in aviation and military fields, there is little discussion about its design theory, while there is no systematic theory and method. With the development of modern structural dynamic design method, the combination of finite element modal analysis and vibration test used in the design of fixture will be a fast, efficient and meet the design method of engineering precision [3] . The commonly used dynamic design methods include topology optimization and parameter optimization, etc. Topological optimization can provide a reasonable method for material layout, such as homogenization approach [4] , variable density approach [5] and evolutionary structural optimization approach [6] are often employed; Parameter optimization can reduce the structural weight and increase the performance of the fixture by selecting and quantifying the design variables.
II. THE FUNCTION AND BASIC REQUIREMENTS OF FIXTURE

A. Fixture function
The vibration test diagram is shown in Fig. 1 In vibration test, the most ideal condition is to allow the energy to be transferred without loss to the test piece, in order to reduce energy loss, a nearly rigid connection is to be formed between the moving ring and the fixture. The vibration table motion ring has resonance frequency with or without test piece, which depends on the stiffness and total mass of the moving ring. The designed fixture should avoid resonance under the conditions of minimum weight and maximum stiffness. The transmission characteristics of the fixture are the key to the success and accuracy of the test [7] . 
B. The basic requirements of fixture
Requirements for mechanical properties of fixtures: the frequency response characteristics of the fixture should be flat and the first-order natural frequency of fixture should be higher than the highest test frequency, for large fixture, to make the first-order natural frequency higher than first-order natural frequency of the test pieces of 3 ~ 5 times, avoid fixture resonance coupling with the test piece on the test direction.
The requirements of the physical characteristics of the fixture: the total mass of the fixture and the attached table are inversely proportional to the square of the resonant frequency.
In order to prevent the resonance of the fixture and the test piece within the test frequency range, the quality of the fixture should be as light as possible, and the ratio of stiffness to mass of fixture should be as large as possible.
Requirements for characteristics of fixture materials: in order to meet the high frequency characteristics of the fixture, the factor of the natural frequency of the fixture is / E ρ , where E is the young's modulus and the ρ is the material density. For most metals, the ratio of / E ρ is roughly the same, but the weight is one of the key parameters in the design of the fixture, and for metals of the same size, aluminum is 1/3 heavier than magnesium, steel is 4 times heavier than magnesium, and aluminum, Magnesium has better damping properties than steel, so aluminum and magnesium are commonly used as fixture design materials.
Manufacturing requirements for fixture processing: the commonly used fixture processing and manufacturing methods are casting, block material machining, welding, bolt connection, bonding, etc. Compared with other manufacturing methods, casting manufacturing methods not only have the characteristics of various shapes, it also has high damping, which will help to reduce the amplitude of resonance.
Requirements for fixture installation and connection: Fixture should be able to simulate the actual installation of the test piece, and should be able to prevent non-related failures caused by different installation status; The response of each joint point of the fixture and the test piece should be as same as possible in order to ensure the consistency of the excitation input during the test.
III. EXAMPLE OF FIXTURE DESIGN
A. Scheme Design of fixture
A set of fixtures are designed and tested in two directions on the vibration table, when the fixtures complete the X direction test, then rotate 90 °to complete the other vertical Y direction test, and complete the Z direction test on the vertical extension table, as shown in the following Fig. 2 . 
B. Design of specific parameters of fixture
It is known that the fundamental frequency of the test piece is 42Hz, and the vibration test frequency ranges from 4Hz to 100Hz, and the maximum acceleration is 5g.
The inherent frequency of the fixture: The inherent frequency of the fixture is 3-5times that of the test piece, that is 126-210Hz.
The quality of the fixture: the vibration table is the 20ton electric vibration test system produced by Suzhou Su Test instrument Co, Ltd. As shown in Fig. 3 , according to the formula: 
Calculated fixture mass M2 less than 800kg. Number of fixture joint bolts: according to formula
F is the maximum tensile force of the bolt, M20 bolt is used, M20 bolts withstand tensile forces: 50 9 9 12717
The maximum quality of the fixture is 800kg, the quality of slide fixture is 1230 kg, the quality of the test piece is 500kg, acceleration 5g. The strength of the connecting 9 or more bolts can meet the requirement by calculating. C. Fixture structure design The structural design of the fixture shall meet the requirements of rigidity, strength and connection of the fixture design. The fixture for the test piece shall be an L type fixture, with an reinforced back stiffener stiffness, and the bottom shall be connected to the slide table or vertical extension table through 60 M20 bolts, as shown in Fig. 4 . The quality of the slide table fixture is 500kg.
The structure of the fixture is shown in Fig. 5 . The choice of cast Aluminum alloy ZL114A is one of the highest strength varieties of Al-Si alloy with good castability and corrosion resistance. It is suitable for casting aluminum alloy castings with complex shape and high strength, so the casting cost is low, and the precision of dimension and surface roughness of fixture joint surface can be guaranteed by post-casting process. The modal analysis shows that the first order natural frequency is 212Hz. Its vibration figure is shown in Fig. 6 , and the first six frequencies are shown in Table 1 . 
IV. TESTING OF DYNAMIC CHARACTERISTICS OF FIXTURE
In order to ensure the correctness of vibration and impact test, the fixture should be tested dynamically before use, and its main dynamic characteristics should be checked to determine whether it is necessary to take technical measures to compensate.
A. Testing method of dynamic characteristics of fixture
The dynamic measurement method of the fixture is as follows: the acceleration sensor is installed on the table of the shaking table for closed-loop control. Set its exciting direction as aoy, select several response points near the connecting hole between the fixture and the test piece. A three-axis acceleration sensor is installed at each response point. The acceleration in the direction of excitation and the acceleration in the lateral response are measured by open-loop aiy and aix and aiz respectively. A sinusoidal sweep test was carried out according to the frequency range of test parts, and the acceleration of the control points and the response points was recorded with the frequency variation curve. The aiy/aoy curve is obtained and the transfer rate is calculated to check the transfer characteristics of the fixture in the exciting direction, The acceleration ratio in the direction of transverse vibration and excitation is obtained as 
B. Test principle 1) Vibration control principle
The vibration control system, as shown in Fig. 7 , amplifies the driving signal generated by the controller step by step through the power amplifier, drives the shaking table to work, and at the same time, the response signal of the control point is fed back to the controller, which is compared with the reference spectrum. Then the new driving spectrum is obtained, and the control spectrum can meet the requirements of the test control precision. The measurement system, as shown in Fig. 8 , uses a builtin accelerometer to measure the acceleration response of each point of the product in a vibrating environment. The acceleration sensor measures the acceleration of the X, Y, Z triaxial system. In the process of the test, the signal analysis system monitors the response of the key points in order to find the problem in time. After each test, the key data are analyzed and the next test is decided according to the measurement results.
The laboratory uses the VR controller to control the vibration of the shaking table, at the same time output cola signal, The data acquisition system of B&K collects the response point data and cola signal. As shown in Fig. 9 . 
C. Testing results of dynamic characteristics of fixture
The frequency sweep vibration test of 5Hz-2000Hz order of 0.2g characteristic level is carried out. The axis direction and control point of the fixture are shown in Fig. 12 below. The vibration frequency sweep test of the fixture Y direction is carried out, then the control curve of Y direction and the response curve of A point are shown in Fig. 13 below. The fundamental frequency is consistent with the simulation result, which satisfies the condition that the first order natural frequency of fixture is 3 ~ 5 times higher than that of the first order natural frequency of the test piece.
The main direction amplification factor curve of the response point is shown in Fig. 14 below. The amplification factor Q value in 14.35 when resonance, while the value is 1.2 within the scope of 100Hz, which meets the requirements. The ratio of transverse vibration to exciting direction acceleration is less than 100Hz shown in Fig. 15 and meets the requirement of less than 30%. In this paper, the functions and fixture design requirements of vibration test fixture are put forward. Taking the design of aerospace load fixture as an example, the design of the fixture, the design of specific parameters and the structural design are described in detail. The method of testing the dynamic characteristics of fixture is put forward, and the method and principle of test and test are explained. A test method based on the vibration response point of the B&K test system is proposed, this method is of great significance to the signal processing of vibration test, and the fixture meets the basic requirements of the fixture.
